Background: Skin pigmentation is a key factor for ultraviolet radiation exposure-related cancers and can make a significant contribution to the patterns of other diseases. For surveys, and to appropriately target cancer control activities, valid and reliable measures of skin color are required.
Introduction
Skin color makes a significant contribution to the patterns of certain diseases observed in populations. In particular, light skin color is associated with increased skin cancer risk, whereas dark skin color is associated with a greater risk of vitamin D deficiency (1) . Among dermatologists, it has been acknowledged that "a new era for studying human cutaneous diversity" has begun (2) . For the study of such issues, acceptable, valid, and reliable instruments for measuring skin color are required.
In an earlier publication, we reported how a selfreported skin color measure used in telephonic questionnaire surveys of large, randomly selected samples was a valid and acceptably reliable assessment tool, although there was a bias toward overestimation of skin pigmentation (3)-a pattern also observed among Caucasians in Australia (4) . Such a bias may lead individuals to underestimate the vulnerability of their skin to damage from ultraviolet radiation (UVR) exposure and misinterpret the personal relevance of skin cancer prevention messages.
Although sophisticated spectrophotometry and other technologies are available for use, making it possible to obtain a direct assessment of skin color, the potential usefulness of other fieldwork procedures, especially when working with sizeable, free-living populations, is worthy of investigation. This may apply, in particular, to studies in which precise measures are not required, but validly identifying skin color categories is necessary, for example, for the targeting of appropriate public health messages for skin cancer prevention and other health risks.
The Munsell Year 2000 Revised Washable Edition of the Soil Color Charts which, as the name implies, was originally designed to assist the classification of soil samples, is described as also being suitable "for the evaluation of skin, hair and eye color in anthropology, criminology, pathology and forensic medicine" (5) . The Munsell color order system provides a visual standard using color chips arranged logically, according to a three-dimensional expression based around the concepts of hue, value, and chroma. Hue describes the relation of a color to red, yellow, green, blue, and purple (for presentation on separate sheets), value indicates lightness (arranged vertically on each sheet in visually equal steps with the darkest at the bottom; black ¼ 0 and white ¼ 10), and chroma indicates strength (arranged horizontally increasing from left to right). The sheets are presented in a loose-leaf album to facilitate color matching. The color of an object can be identified either descriptively (e.g., by the term "reddish brown" from the color name diagram facing each sheet) or by the Munsell notation, for example, 5YR 5/4, where 5YR is the hue/sheet (Y standing for yellow and R for red), 5 the value, and 4 the chroma.
Other versions of the Munsell system have been used to classify color for a range of human tissues, including the skin over hand veins (6) and gastrointestinal mucosa (7), as well as tooth enamel (8) . However, we could identify only one study (of urine color) that specifically reported using the Soil Color Charts (9), and none that used these charts for assessing skin color. We were also unable to find any study that used the more recent, revised, washable editions, which would be especially appropriate for repeated fieldwork. Two studies investigating validity in geological usage have reported acceptable correlations with criterion instruments (10, 11) . Of another two geological studies that investigated interrater variance, one reported 92% agreement between investigators (12), but the other was unable to replicate that (13) .
A number of potential limitations in using the Munsell system need to be considered. In the introduction to the manual, three "principal difficulties" encountered when using the charts are identified: selecting the appropriate hue card, determining colors intermediate between the hues in a chart, and distinguishing between value and chroma where the latter are strong (5). However, practical training in the use of the system should help overcome these issues. In addition, two "masks" are included in the binder pocket: a black one for use with dark samples and a gray one for intermediate and light samples. The aperture in each mask permits four adjacent color chips to be viewed simultaneously while other, potentially distracting, chips remain covered.
Apart from the possible risk of colors fading as a result of extended exposure to light (14) , other limitations relate to potential biases due to variation in (i) the light source, (ii) observer discrimination (color perception variation between people), and (iii) observation angle. Variation arising from each of these factors can potentially be minimized by following standardized data collection procedures.
A range of factors support the potential usefulness of the Munsell Soil Color Charts (hereafter referred to as the Munsell) for assessing skin color in the field. First, they use standard, internationally comprehensible, visual categories so that no translation of color names is required.
Second, the instrument is relatively economical, currently costing approximately US $200. Third, the charts and binder are physically compact, portable, and robust. Fourth, the Munsell requires no external power source, calibration, or processing software. Fifth, it is minimally invasive and likely to be acceptable to vulnerable populations, for example, children, among whom other technologies may seem frightening or threatening. Sixth, because of its simplicity, use of the Munsell requires no technical knowledge and minimal training. Finally, no pressure is applied when a Munsell chart is held against the skin, so skin color is not affected by the measurement process. Overall, the Munsell may be particularly useful in those more remote and/or less economically developed settings where acceptability, cost, portability, and a lack of reliable power sources and technical backup may be especially important.
The present study was designed to answer two specific questions, namely, whether the Munsell provides in vivo measures of skin color that are both reliable (i.e., exhibit good interrater and intrarater test-retest reliability) and valid, compared with a spectrophotometer criterion measure.
Materials and Methods

Sample selection and follow-up
Volunteers were recruited from the population of students domiciled in the 14 University of Otago (Dunedin, New Zealand) residential colleges. These colleges included one which catered for 75 postgraduate residents and 13 which catered for between 152 and 518 (mean, 248) of both sexes, mostly in single study bedrooms. This student population was relatively easy to access and follow up, allowing an efficient process for obtaining and retaining a sample of sufficient size. Toward the end of 2007, well in advance of student recruitment scheduled for early 2008, the Heads/Masters of all residential colleges were simultaneously invited to permit us to carry out the study on site. Sample size calculations were based on the resulting precision of k statistics assuming two categories. For testretest reliability, 280 participants would allow a twocategory k to be estimated to within AE0.15 using 95% confidence intervals assuming that k was 0.6 or higher and where the smaller category contained at least 15% of the respondents, and allowing for up to 30% loss due to invalid responses and loss to follow-up. Cluster effects within residential colleges were assumed to be negligible for this calculation.
Procedures
All participants were treated following a standard protocol. Procedures were pretested for practicality and participant acceptability and the final protocol was incorporated into a printed manual for use by assessors. Data collection was carried out, April 29 to May 21, 2008 , during evening, indoor sessions under standard Philips 840 fluorescent strip lamps using pretrained, senior university students as research assistants. Participants' skin types were assessed using the Munsell charts on two separate occasions (session 1 and session 2) to allow examination of test-retest reliability using the Munsell. These two sessions were separated by a minimum period of 7 days to minimize any recall effects on the part of assessors from the first occasion, while also minimizing the likelihood of any changes in the participants' skin reaction to sun exposure during the between-test period. Spectrophotometer readings were taken only during session 1. Figure 1 presents a flow diagram of participant movement though study assessments.
Ethical approval was obtained (October 3, 2007) through the Department of Preventive and Social Medicine, following University of Otago protocols. As an incentive to return for the follow-up assessment, each participant was offered a gift (koha) of $20 cash, to be paid after completion of their second assessment, thereby acknowledging their contribution and compensating for possible inconvenience. Each participant was also allocated a number that was entered into a random draw for an additional $200 prize. All participants, whether or not they took part in a follow-up assessment, were offered feedback in the form of a brief printed personal report about their skin type, and current guidelines about recommended UVR exposure, under New Zealand (NZ) conditions (15) .
Measures
Skin reflectance was measured using a DATACHECK spectrophotometer, the study criterion measure, which compared the color of each participant's skin with a standard calibration reference by emitting a flash of white light to the surface under test, and measuring the spectral properties of the light reflected back to the instrument. In each case, reflectance was converted to an Individual Typology Angle (ITA) score and a Del Bino skin color category (see Table 1 ; ref. 16 ) for comparison with the results obtained by using the Munsell charts. The ITA is a measure of the reflectance of light from the skin where 100% reflectance represents pure white and no reflectance (À100%) represents pure black. Accordingly, high and positive ITA scores indicate the greater reflectance of light associated with lighter skin colors as compared with low and negative ITA scores that indicate darker skin colors. The ITA is calculated using the values of L Ã (the difference along the lightness À darkness axis) and b Ã (the difference along the yellow À blue axis). It was calculated according to Del Bino (16) as
Skin classification by ITA values has physiologic relevance to melanin content (16) . Such methods of comparison have been used in previous research (17) .
Session 1 1.1 Consent completed
(data from n = 9 excluded as ineligible)
Munsell classification 1
Secondary rater n = 279
Munsell classification 2
Primary rater n = 280
Entry n = 289
Exit Session 2
Munsell classification 3
Secondary rater n = 265
Munsell classification 4
Primary rater n = 265
Koha payment/Thanks
Minimum 7-day interval
(n = 15 lost to follow-up) The spectrophotometer was held against the skin of the upper, inner arm of each participant. At this recommended site (18), the natural (i.e., untanned) skin color can most readily be measured, because it is a site that is not usually exposed to sunlight (16) and access is relatively noninvasive. The surfaces of the instrument that came into contact with participants' skin were cleaned with alcohol wipes between assessments. Three replicate skin reflectance measurements were performed on each subject, and then each measure was averaged before being used to calculate a single ITA value as a quantitative measure of skin color.
Reentry Exit
Categorization according to the Munsell charts was assessed by both the Primary and a Secondary Rater at each of the two sessions. The Primary Rater's FM 100 color test score (11) was assessed as "good" because the mean total error score reported for the 30-to 39-year age group is 50 (19) . The color chart was held against the skin of the upper inner arm, the same site used for taking spectrophotometer readings, at a 45 angle to the observer. The rear surfaces of the charts that came into contact with participants' skin were cleaned with alcohol wipes between assessments. Observations were recorded on a classification form, designed for the study, which permitted identification of one of the four yellow/red charts (2.5YR, 5YR, 7.5YR, and 10YR) and the respective "value" and "chroma" categories provided in the manual. The ITA values for these Munsell color chips were subsequently independently obtained from spectrophotometer readings (Supplementary Methods and Materials; Supplementary  Tables S1-S4 ). These ITA values derived from spectrophotometer readings of the Munsell chips were then used to assess agreement with the ITA values obtained directly from the spectrophotometeric skin assessments.
Self-reported information on sex, age (in years), and ethnicity (responses were classified using the five equivalent high-level Statistics NZ categories: NZ European, M aori, Pacific, Asian and "all other") was obtained from a brief questionnaire. The latter are the level-3 ethnicity categories recommended by Statistics NZ and reported in the NZ Census (20) . The NZ European category predominately comprises people of Northern European ancestry, following the pattern of colonial settlement from England, Scotland, and Ireland with fewer immigrants from Holland, France, and Germany.
The final questionnaire item sought a dichotomous (yes/ no) response to the question: "In the past week (7 days) have you used a sunbed or spray-on tan lotion?" Participants who provided a positive response to this question at baseline were excluded from all analyses reported here and those who provided a positive response at follow-up only were excluded from the intrarater analyses.
Statistical analyses
The interrater reliability, or degree of agreement between two different raters (Primary and Secondary) in their session 1 skin color classifications, was assessed using the intraclass correlation coefficient (ICC) between the respective ITA values of the selected Munsell chips. Test-retest reliability was investigated using the ICC for ITA values between the Primary Rater's classifications in session 1 and their corresponding classifications in session 2. Munsell chart validity (i.e., rater vs. spectrophotometer) for measuring skin color was examined using the mean difference (bias) between the selected Munsell color chip ITA from the Primary Rater and the spectrophotometer ITA in session 1. Limits of agreement (95%)-the reference interval of two standard deviations of the ITA differences either side of the bias for the bias-were also calculated. In addition, weighted k (using linear weights) were used to investigate both the reliability and validity of the Munsell color chips when the Del Bino skin categories were applied. ICCs of 0.70 or greater were considered acceptable (21), and similar for k of 0.6 or higher ("substantial" in Landis and Koch; ref. 22) . Stata software version 12 was used for all statistical analyses (23) .
Results
At the point when the Heads/Masters of 6 of the 14 residential colleges had agreed to permit their resident students to participate, the involvement of further colleges was not sought because a sufficient number of students (n ¼ 289) had been recruited. Of the 289, who took part in session 1, 9 were excluded for using either a sunbed or spray-on tan within the past 7 days, leaving data from 280 participants for analysis. The demographic Table 1 .
The 280 participants had a median age of 18 years (range, 16-49 years). For 1 student, a session 1 secondary rater Munsell assessment was lacking, leaving 279 for the interrater reliability analysis. For session 2, 265 students (95%) were followed up, but only data for the 256 who reported neither sunbed use nor cosmetic tanning in either session were used for assessing intrarater reliability.
The ICCs for agreement between the Primary and Secondary Raters and the test-retest reliability of the Primary Rater suggest sufficient inter-and intrarater reliability of the Munsell color charts to offer in vivo measures of skin color. Bias between the Primary Rater and the criterion spectrophotometer was À0.09 (with À26.71, 26.54 being the corresponding 95% limits of agreement). The value of À0.09 indicates that, on average, application of the Munsell color charts only marginally overestimates skin pigmentation. The limits, however, show that 95% of the students will have a difference in ITA value (spectrophotometer vs. Primary Rater) between À26.71 and 26.54. This does not preclude the potential for a two-category discrepancy according to the Del Bino skin classification system (e.g., "light" vs. "tanned"). Close examination of the spectrophotometer ITA versus the Primary Rater suggests that the latter may have been overly responsive to the extremes of skin pigmentation, with a pronounced tendency to overestimate the darkness of both "brown" and "dark" skin colors, and a less evident, subtle pattern of exaggerating "lightness" (Fig. 2) .
When all three measures on the ITA scale were converted to Del Bino skin color categories, the weighted k assessing agreement between raters (0.63), consistency within a rater (0.60), and convergence between the Munsell color chip and spectrophotometer (0.61), produced values that suggest acceptable interrater reliability, intrarater test-retest reliability, and criterion validity of the Munsell color charts in providing in vivo measures of skin color.
A sensitivity investigation was also performed for the intrarater test-retest reliability analyses. This involved rerunning the analyses, but only including data where the difference in Del Bino skin classification for the comparison between sessions 1 and 2 for the Primary Rater was less than two categories, as this was quite large and could indicate actual changes in skin pigmentation between sessions (an example of an two or more category difference would be "light" vs. "tanned"). Data from 20 students were identified and removed. The subsequent inferences were comparable with those of the primary analyses with the ICC increasing from 0.86 to 0.93 and the k from 0.60 to 0.70.
A more thorough inspection of the measurements taken by both the Primary and the Secondary Raters for the excluded participants indicated the possibility, in at least 10 of the 20 cases, of undisclosed tanning between sessions or collusion, whereby a different student with a different skin color presented in each session. This suggests that our conclusions about the intrarater reliability of the Munsell may be slightly conservative.
Discussion
The objective of the present study was to answer two questions, namely, whether the Munsell Year 2000 Soil Color Charts can provide in vivo measures of skin color that are both reliable (i.e., exhibit acceptable interrater agreement and intrarater test-retest consistency) and valid, compared with a criterion measure (spectrophotometer).
Study findings indicate that the Munsell-derived ITA values and their related Del Bino (16) categories are acceptably reliable measures of skin color, including test-retest reliability when there is a 7-day interval period between assessments. With respect to validity, there was sufficient agreement between both the Munsell-derived constitutive skin color ITA values and associated Del Bino color categories for measurements obtained from the rater and from direct spectrophotometeric assessment. These findings confirm that the Munsell Year 2000 Soil Color Charts could be considered an acceptable and appropriate alternative in situations where obtaining individual spectrophotometer readings is unlikely to be a practical option. Furthermore, our intrarater reliability conclusions may be conservative because we found even stronger agreement in the analysis where participants were removed if they could be suspected to have either not accurately reported their tanning behaviors or colluded with colleagues to replace them as participants for session 2. However, some of these discrepancies may reflect substantial rater error rather than either of these alternative possibilities.
When we further examined our skin color category findings, a consistent pattern emerged of a tendency to overestimate the extremes of skin pigmentation, particularly for the darker ("brown" and "dark") skin types (there was a less evident, more subtle pattern of overestimating "lightness"). This is consistent with a pattern that we described as "the dark shift" in an earlier report (3) . In that study, we also found some evidence that this tendency extended to the darker skin types, although the numbers involved were rather small.
Study findings suggest that it could potentially be useful to consider mailing out a high-quality color chart to survey participants when skin color is assessed, thereby permitting a direct comparison to be made between colors on the chart and personal skin color. At present, both mail and online population surveys depend, largely, on participant responses to self-report questionnaire items. Although lighting conditions are likely to vary, it could be useful to test whether this approach had the potential to provide more accurate data than the use of self-reported verbal color categories. With respect to online surveys, the provision of a standard color chart may be more challenging because of possible variation in color reproduction and difficulties in physical positioning for making comparison.
Our study had some limitations that future research should endeavor to address. First, although our sample included indigenous M aori, Pacific, and Asian participants, there were relatively few participants in the darker skin color range, which is characteristic of the NZ population. It would be useful to study whether overestimation of the extremes of skin pigmentation occurs among populations that include a greater number of participants with darker skin colors. We are planning such a study.
Second, the likelihood of collusion may be associated with the provision of cash rewards in our study. This was a possibility that we had not anticipated, but which should be guarded against in future studies by requiring authoritative photographic identification. Furthermore, we should have taken into account that young adult students have a reputation for challenging accepted practices and those domiciled in the same residential college may be a population particularly prone to taking advantage of the opportunities provided by the nonrequirement of authoritative photographic identification to collude, especially when there is a cash reward that can readily be shared. Nevertheless, it was useful to have been able to demonstrate the possibility of collusion as an example that could be used to help justify more rigorous identification procedures.
Finally, sun exposure was not assessed. However, the survey took place during April and May, which are autumn months in NZ. During this period, the daily peak UVI level experienced in the Otago district does not exceed a value of 2 (24), below the level when the World Health Organization (WHO) recommends protection against the possibility of erythema. Furthermore, the mean air temperature for May is 9.3 C (25). Taken together, these factors contribute to there being a low likelihood of any significant tanning from sun exposure.
Conclusions
The findings of this study suggest that the Munsell Year 2000 Soil Color Charts may be a reliable and valid measurement strategy when assessing skin type, although there is a modest rater bias toward overestimation of the extremes of skin pigmentation. Further research is needed with more diverse populations, in particular, including greater numbers in the darker skin color categories. It would also be useful to investigate the use of the Munsell by respondents themselves, for example, in postal surveys where it could be used instead of relying on verbal skin color categories that may strengthen the "dark shift" phenomenon. The present study, in testing Munsell reliability among trained researchers, represents a logical first step toward testing it among survey respondents.
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